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When an  animal is  immunized against bacterial toxins  (Seng,  z 
Joachim,  a  Atkinson,  4  Ledingham  ~)  and  against  foreign  proteins 
(MolP),  there  result  certain  characteristic  quantitative  changes 
in the proteins of the blood plasma.  The content of serumglobulin 
is  strikingly  increased,  even  up  to  double  the  normal  amount;  at 
the same time, there is a  diminution in the serumalbumin.  Similar 
changes have been said to occur during starvation ;7 however, Moll 
has  denied that  the  inanition  is  the  cause of the globulin  increase 
observed in precipitin sera. 
Atkinson  s  showed  that  this  serumglobulin  increase  is  in  some 
degree  proportional  to  the  antitoxic  (diphtheria)  potency  of  the 
serum.  His  analyses  give  figures  for  the  protein  precipitable  on 
saturation  with  magnesium  sulphate;  this  " globulin ,,9  paralleled 
more  or  less  the  gross  changes  in  the  antitoxic  potency  in  the 
serum for the one horse so examined.  With his other observations 
on the increased " globulin "  and the antitoxic content of antitoxic 
1Received  for  publication January  I8,  I9iO. 
2 Seng, Zeit. f. Hyg., I899, xxxi, 513. 
a Joachim,  Arch.  [.  d.  ges.  Physiol.,  I9o3,  xciii,  558. 
* Atkinson, Jour.  of Exper.  Med.,  IPoI, v, 67. 
Ledingham, Jour.  of  Hyg.,  19o7, vii, 65. 
Moll, Zeit.  f.  exper.  Path.  u.  Therap.,  I9o6, iii,  325. 
r Glaessner, Zeit.  [.  exper.  Path.  u.  Therap.,  19o5, it,  154. 
8 Atkinson, Jour.  of Exper. Med.,  I9OI,  v,  47. 
gUnder  the  classification  of  the  proteins  adopted  by  the  American  Physio- 
logical  Society  and  the  American  Society  of  Biological  Chemists,  the  greater 
part  of  the so-called  serumglobulins are,  at  least  for  the  horse,  to  be  regarded 
as  albumins. 
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serum,  a  more than  incidental relationship between the  serumglob- 
ulin change and the antitoxic content is  suggested. 
In  a  paper  published  while  the  present  investigation was  under 
way, Ledingham  1°  gives  results  of  the  determination of  the  total 
protein,  the  sermnglol)ulin and the  serumalbumin in  the  course  of 
immunization against  diphtheria  toxin.  The  serum  was  obtained 
at  short  intervals  from two  horses  and  a  goat.  With  one  horse, 
which  failed  to  yield  a  high  grade  antitoxin,  the  serumglobulin 
content of the serum was essentially not increased over the normal. 
The  other  horse  gave  ultimately  a  65o  unit  serum;  the  serum- 
globulin here had progressively increased along with  the  antitoxic 
potency.  A  goat serum which had reached 40 units showed a  rise 
in  both  the  serumalbumin  and  (to  a  much  less  degree)  of  the 
serumglobulin over the normal figures.  From Ledingham's results 
on the two horses, a  relation between the development o£ the anti- 
toxic  properties  and  the  increase  in  the  serumglobulin  content  is 
indicated. 
The  observations  of  Atkinson  and  of  Ledingham,  so  far  as 
we  are  aware,  are  the  only  determinations  of  the  quantitative 
relation  of  the  serumglobulin  content  and  antitoxic  potency 
throughout the course of immunization.  The subject is of extreme 
importance  because  of  the  constant  association  of  the  anti-sub- 
stance  with  the  serumglobulin,  n  The  serumglobulin  increase  in 
this protein during immunization may actually represent the accum- 
ulation of protective substances;  at  least if not  identical, the  anti- 
toxin may be  in some loose chemical combination with the protein. 
Mellanby  ~2 recently states, even, that the diphtheria antitoxin actu- 
ally is a part of the serumglobulin (albumin a). 
The poverty of the data as to the blood changes during immuniza- 
tion  make  additional  and  more  conclusive  experiments  desirable 
when the significance of the problem as to the chemical nature of the 
protective substances is considered.  In the present paper we present 
the results of a  large number of analyses upon the protein changes 
in the plasma of eleven horses subjected to immunization. 
~0 Ledingham, loc. cit. 
~* With the more soluble or "albumin:" type of the  serumglobulin. 
~= Mellanby, Proc.  of the Royal o¢oc., Series B, i9o8, lxxx, 399. Robert  Banks  Gibso~  a~d  Edwin  d.  Banzhaf.  413 
XVe  have  followed  quantitatively  the  protein  changes  in  the 
so}tium  oxalate plasma  in  a  series  of  eleven horses.  At  first,  these 
were undergoing  simultaneous  immunization,  under  the direction of 
Dr.  XV.  H.  Park,  to  both  tetanus  and  diphtheria  toxins;  the  horses 
were  subsequently  kept  on  the  toxin  to  which  they  responded  best 
individually  as  regards  antitoxin  production. 13  The  first  few  in- 
jections were  made with toxin after the administration  of antitoxin, 
as  is  the  custom  at  the  Research  Laboratory.  The  immunization 
was  forced,  i.  e.,  the  toxins  were  administered  in  relatively  large 
doses,  usually  in  weekly  injections.  The  horses  were  bled  for 
serum  production  at  about  8,  io  or  14  day  intervals,  when  a  maxi- 
mum  antitoxic value was  attained,  as  indicated by earlier test bleed- 
ings  of  about  5oo  cubic  centimeters  of blood.  The  regular  bleed- 
ings  for  serum  production  (six  to  ten  liters  of  blood)  were  insti- 
tuted,  accordingly,  only  after  maximum  antitoxic  (and  protein) 
changes  had  occurred,  as  shown  in  the  tables.  The  variations  dur- 
ing  the  period  of  increasing  antitoxic  potency,  therefore,  have  not 
been  influenced  by  severe  hemorrhage. 
Suitability  of  Individual  Horses  for  Antitoxin  Production.--As  has  long 
been known,  certain young  and  healthy horses  seem  refractory  for  the  produc- 
tion of diphtheria or  tetanus  antitoxins; again, certain horses  will yield a  much 
more pofent antitoxin than  others  treated in  an  exactly identical manner.  This 
idiosyncrasy is  strikingly brought  out  in  the  behavior  of  the  animals  used  in 
the  present  experiments.  Thus  six  (319,  322, 323, 326, 327  and  328)  of  the 
eleven horses reacted to diphtheria but not to tetanus toxin; the plasma obtained 
from these six, at maximum potency, was 550 units per cubic centimeter or above, 
except  in  the  case of  327  where  the  strength  was  4oo  units.  One  horse  (320) 
only gave a  potent serum  against the tetanus  while simultaneously being refrac- 
tory  for  the  production  of  diphtheria  antitoxin.  Two  horses  (32~ and  324) 
failed  to  react  vigorously  on  inmmnization  with  either  toxin;  another  (325) 
responded to  some  degree to  both.  Horse 318  was  immunized to  a  high  degree 
(6oo units)  to  diphtheria toxin;  transferred to  tetanus,  it yielded a  very potent 
serum  (3oo  units)  and  when  returned  to  the  diphtheria  service  almost  the 
original potency was  refistablished.  There is then  an  individual adaption on the 
part  of  the  horse  for  the  production  of  certain  antitoxins;  for  other  toxins 
the  horse  may  be  almost  completely refractory. 
~ It  was  originally Dr.  Park's  intention  to  report this  immunization  experi- 
ment  in  detail.  The  present  paper  contains  a  description  of  the  experiment 
and the results only in  so  far  as is necessary to  make our own  report complete. 414  Changes  in  Protei~zs in  Blood  Plasma  of  Horses. 
MAXIMUM  ANTITOXIN POTENCIES  IN  UNITS. J4 
Horse.  Diphtheria.  Tetanus.  ,:  Horse.  Diphtheria.  Tetanus. 
318  600  -  3c-o-  -  324  !  I25 .....  I  - 
319  6o0  4  325  3  °o  25 
320  50  /  9O  326  6OO  I 
32I  I50  ]  2  327  4OO  I 
322  625  /  5  328  550  I 
323  85O  /  5 
Protein determinations were made in  duplicate  by heat coagula- 
tion and weighing on the oxalate plasma as  follows : 
I.  The  total  protein. 
2.  The  total  protein  less  the  fibrinogen. 
The  protein  in  an  aliquot  of  the  filtrate  from  the  fibrinogen  precipitated  at 
2.9  '~  saturation  ammonium  sulphate  and  at  an  ultimate  dilution  (when  precipi- 
tated)  of  tenfold  the  original  volume  of  plasma  taken  for  the  fractioning. 
3.  The serum albumins. 
The  protein  in  aliquots  of  the  filtrate  at  5  (half  saturation)  ammonium 
sulphate  at  a  dilution  of  the  plasma,  when  precipitated,  of  tenfold  the  original 
volume  of  plasma  taken. 
4.  (a)  The  serumglobulins soluble  in  saturated  sodium chloride 
solution. 
Separated  by  direct  solution  in  saturated  sodium  chloride  solution  of  the 
proteins  precipitated  at  5  or  half  saturation  ammonium  sulphate,  at  an  ultimate 
plasma  dilution of  I: IO. 
(b)  Or  the  protein  in  solution  on  saturating  the  plasma  with 
sodium  chloride. 
The  several  times  diluted  plasma  was  saturated  with  the  dry  salt  and  made 
up to ten times the volume  of plasma taken with  saturated  sodium  chloride solu- 
tion.  Determinations  were  made  on  aliquots  of  the  filtrates.  This  separation 
was  more  commonly used than the above. 
5.  The  "pseudoglobulin"  plus  the  serum  albumin. 
~4 Maximum  potencies  for  diphtheria  and  tetanus  antitoxins,  of  course,  are 
not  always  here  coincident. 
15The  degree  of  saturation,  as  here  expressed,  indicates  a  concentration  in 
I0  cubic  centimeters  of  the  precipitated  mixture  of  2.9  cubic  centimeters  of 
saturated  ammonium  sulphate  solution.  The  misconceptions  that  arise  from  the 
use  of  "per  cent.  saturation"  and  even  from  "third  safuration"  and  "half 
saturation"  have  already  been  discussed  in  a  previous  paper.  Banzhaf  and 
Gibson, Jour.  of Biol.  Chem.,  I9O7, iii,  254. Robert  Banks  Gibson  and  Edwin J.  Banzhaf.  415 
The  protein  of  aliquots  of  the  filtrate  from  the  plasma  precipitated  at  third 
(3.3)  saturation  ammonium  sulphate  and  at  ultnnate  dilutions  of  1.5,  5  and  IO 
times  the volume  of  the plasma  used. 
This  volume  of  the precipitates  obtained  in  the  above  determinations  was  so 
small  that  but  little  error  should  be  obtained  in  employing  aliquots  of  the  fil- 
trates  as  above  for  the  analyses.  In  the  precipitation  of  the  " euglogulin"  at 
1:1.5  dilution,  however,  such  error  must  influence  the  results  somewhat;  even, 
here,  we  were  never  dealing  with  a  precipitate  from  IO  cubic  centimeters  of 
oxalate  plasma  of  over  o.5  gram  in  a  volume,  when  precipitated,  of  15  cubic 
centimeters.  Inasmuch as  the  density of  proteins  is  greater  than water,  and  the 
volume  of  solvent  is  increased  somewhat  by  their  solution,  the  error  in  the 
analytical  results  for  the  " euglobulin"  at  the  dilution  of  the  plasma  of  1:1.5 
must  certainly be less  than  3  per cent.  This  error  is  perfectly  negligible in  the 
interpretation of the  figures  for  the  " euglobulin." 
From the  analytical  data  so obtained,  the  content  of the  plasma 
in  the  following protein  constituents  is available. 
The  total protein. 
Fibrinogen. 
Serum~/lbumins 16 
Serumglobulins 16 
Serumglobulin  insoluble  in  saturated  sodium  chloride 
solution. 
Serumglobulin  soluble in  saturated  sodium  chloride  solu- 
tion. 
" Euglobulin"  precipitated  at  ultimate  dilutions  of  the 
plasma of  I : 15,  I : 5 and  I : IO. 
" Pseudoglobulin,"  similarly  precipitated. 
Because of the large  amount  of analytical  data obtained,  it does 
not  seem  advisable  to  go  into  details  of  the  variations  in  each  of 
the  eleven  horses  examined.  Certain  interesting  and  important 
general features of the results will be discussed in full and examples 
given  from the  material  at  hand.  The  conduct  of the  experiment 
and  the  results  of the  analyses  are  more  fully  given  in  the  tables 
at  the  end  of  this  article.  Some  graphic  representations  of  the 
protein  and  antitoxic  changes  are  also  reproduced. 
The  characteristic  serumglobulin  increase  in  the  plasma  during 
immunization  was observed in all the  eleven horses.  Certain  char- 
1, By  "  serumalbumins"  is  meant  the  protein  material  commonly  known  as 
such  and consisting probably of  more  than  a  single  individual  substance.  Simi- 
larly,  the  "serumglobulins"  refer  to  the  remaining  proteins  of  the  plasma, 
excepting the fibrinogen. 41(;  (Tha~gcs  in  ['~'ot~i~ts in  Blood  Plasma  of  Horses. 
acters  of this  increase  may be  discussed.  The  maximum  increase 
in the serulnglobulin was usually coincident with the maximmn anti- 
toxic potency of the plasma.  Two exceptions were noted  (Horses 
320  and  324).  The  maxima were  attained  in  the  seventh  to  the 
ninth week of immunization, but both antitoxin and serum globulin 
may be diminished even at the time of the first antitoxin bleeding  ~T 
(319,  3ze,  323,  3z5). 
The  curves  of  the  serumglobulin increase  and  the  development 
of  the  antitoxic potency were  not  otherwise  parallel.  The  maxi- 
mum  serumglobulin  content  in  two  horses  (32o  and  3-o4)  was 
actually reached previous to the highest antitoxic potency. 
After immunization for a  period of 39  days,  Horse 3so  gave  a  plasma  of so 
antidiphtheria  units  per  cubic  centimeter,  the  serumglobulin  content  of  which 
wag  increased  42.9  per  cent.  over  the  normal.  The  plasma  obtained  on  the 
fifty-ninth day  tested  up  35  antidiphtheria  and  e  antitetanus  units;  the  serum- 
globulin  had  increased  to  its  maxinmm  of  87.6  per  cent.  over  the  normal. 
Twenty-eight  days  later  the  potency  had  risen  to  .5o  units  for  each  antitoxin, 
while the serumglobulin increase had  fallen to 69.7  per cent.  Subsequently, with 
a  further rise in the tetanus antitoxin to  9o  units, the serumglobulin had  dimin- 
ished  to  48.4  per  cent.  over  the  normal.  For  the  second  horse,  324,  antitoxic 
potencies of 25,  IZ5  and  I26  units were  accompanied by a  serumglobulin content 
above the normal of 59.3 per cent., 48.5 per cent.  and 38.9 per cent., respectively. 
With  the  exception of  Horses  3,8  and  3T9,  on  which  we  have 
no " intermediate "  analyses, the other animals all showed a marked 
increase  in  the  serumglobulin content,  precedi,zg  the  development 
of the antitoxic properties. 
For  example,  32  days  after  the  combined  inmmnization  was  started,  Horse 
.322  yielded  a  plasma  which  tested  5o  units  of  diphtheria  antitoxin  per  cubic 
centimeter and  in  which  the  serumglobulin  had  been  increased 44.8  per  cent.; 
3.5  days  later,  the  plasma  tested  625  units,  and  the  sermnglobulin  increase  was 
90.6  per  cent.  The  antitoxic  potency,  therefore,  had  been  brought  up  over  I2 
times  while  the  serumglobulin  increase  had  been  only  double  during  the  same 
period.  Similarly, the  serumglobulin in  the  plasma  of  Horse 3-°5 had  increased 
40.7  per  cent.  after 27  days'  immunization;  the  potency being  just  5  units;  on 
the  fifty-fourth  day,  the  serumglobulin  increase  was  9o.2  per  cent.,  while  the 
antitoxic  potency  had  risen  to  6o0  units  of  diphtheria  and  I  unit  of  tetanus 
antitoxin. 
~TThe  analyses  for  the  plasma  obtained  at  the  first  " full"  bleeding  are 
discussed with  the  earlier  or  " test" bleedings inasnmch as  the  horses  had  not 
previously been subjected to  the  severer hemorrhage. •  6I  "AO~ 
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It should be remarked that  maximum antitoxic potency does not 
necessarily mean that  the  other  immune substances  are  present  in 
greatest  amounts  or  that  these  are  developed  in  corresponding 
degree with  the  antitoxin.  Immunization  aimed  to  be  of  specific 
character may lead to the production of other antibodies.  Dr.  K. 
R.  Collins  ~s has shown that group and specific bacterial agglutinins 
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can be developed by immunization against yeasts, enzyme prepara- 
tions and nucleins; these experiments afford actual proof of the de- 
velopment  of  many  widely  different  anti-substances  during  im- 
munization.  A  similar  stimulation  leading  to  the  formation  of 
numerous antibodies, besides the precipitins  and specific antitoxins, 
probably occurs on immunization with bacterial toxins.  Such sub- 
stances may represent the increase in the more soluble serum glob- 
ulin, with which fraction they are associated. 
While the greatest rise  in  the serumglobulin was usually coinci- 
dent with maximum antitoxic potency, as already pointed out,  the 
~8 Collins,  )'our. of E~'per. Med.,  19o8,  x,  529. Robert  Banks  Gibso~ and  Edwin  J.  Banzhaf.  419 
extent  of  this  increase  in  the  serumglobulin  was  practically  inde- 
pendent of the antitoxic potency when the results  on more than one 
horse  were  contrasted.  There .may  be,  then,  no  relation  between 
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the  absolute  or  percentage  increase  of  the  serumglobulin  and  the 
antitoxic  potency in  the  plasma  of  different  horses.  The  increase 
in  the  serumglobulin  of  refractory horses  may  surpass  that  in  the 
plasma  of  some  of  those  yielding  a  high  antitoxin.  The  greatest 
absolute  increase  in  serumglobluin  (4.40  grams),  however,  was 
observed  in  the  plasma  of  the  horse  (323)  which  supplied  the 
strongest antitoxic serum of the series.  In contrast,  the  refractory 
horse  (321)  showed  an  absolute  increase  in  the  serumglobulin  of 
4.07 grams per  IO0 cubic centimeters  of plasma. 
For  Horse  318, this  increase  was  41.1 per  cent. (2.Ol grams  per  IOO cubic 
centimeters of plasma).  For Horse 319, treated  in exactly the same manner dur- 
ing  immunization  and  yielding  a  plasma  of the  same potency  (6oo units  diph- 
theria),  the  increase  was  86.3 per  cent. (3.66 grams).  Horse  321  showed  an 
increase  of 87.6 per  cent.  (4.o7 grams)  in  the  serumglobulin  when  supplying a 
plasma  of maximum  potency of only  15o units  per cubic centimeter;  this  horse 
failed  to  react  well to  the  toxin  not only  as  regards  antitoxin  production,  but 
died  subsequently  of  toxemia  when  the  immunization  was  continued.  Horse 
323 gave a maximum of 85o units  (diphtheria)  and the  serumglobulin  had  been 420  Changes  in  Protd~s  in  Blood  Plasma  of  Horses. 
increased  95.6  per  cent.  with  the  greatest  absolute  increase  (4.40  grams)  we 
have observed.  Horse 328  yielded a  55o  unit  plasma,  the  serumglobulin  increase 
being  II3.  9  per  cent.  (4  grams).  The  refractory  horse  (324)  is  especially 
interesting.  At  the  third  bleeding  (May  31,  'o7)  a  potency  of  t25  units  (diph- 
theria)  and  a  serumglobulin  increase  of 48-5 per cent.  (2.69  grams)  were  found; 
19  days  later  (June  19,  'o7)  the  antitoxic  strength  was  unchanged,  but  the 
serumglobulin  content  had  fallen  until  the  increase  was  only  38.9  per  cent. 
above  the  normal.  A  similar  change  was  observed  for  Horse  326,  where  the 
serumglobulin  maximum  fell  from  7.61 grams  (March  30,  'o7)  to  5.92 grams 
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FIG.  4-  Horse  324. 
withouf  change  of  antitoxic  strength;  the  results  here,  however,  are  complicated 
by  the  " full "  bleeding. 
When the serumglobulin had reached a maximum with maximum 
antitoxic  strength,  the  protein  diminished  with  the  decrease  in 
potency even before regular bleedings were established.  It was the 
practice  in  the  Research  Laboratory  to  bleed  the  horses  for  anti- 
toxin production when test bleedings  indicated  a  high  or maximum 
potency.  In  some  instances,  the  horses  reached  a  maximum  and 
the  antitoxic  potency  had  fallen  somewhat  by  the  time  the  first 
regular " full " bleeding was instituted.  This diminution in potency Robert  Banks  Gibson  and  Edwin J.  Banzhaf.  421 
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was  accompanied by  a  lowering  of  the  serumglobulin  from  the 
maximum  content.  This  fall,  however,  seems  to  have  had  no 
quantitative relation to the degree of the potency changes which in 
some  instances  were  very  slight.  Accordingly,  the  lowering  of 
the  serumglobulin is  probably  identical  with  the  submaximal  fall 
in serumglobulin coincident with the highest potency in the plasma 
of  Horses  32o  and  324,  and  is  characteristic in  itself  and  more 
or less independent of the antitoxin variations. 
For  instance,  Horse  319  gave  a  maximum  of  6oo  units  of  diphtheria  anti- 
toxin  and  I  unit  of  tetanus.  The  serumglobulin  increase  was  then  3.66  grams 
per  IOO cubic centimeters  of plasma.  With  a  change in antitoxic potency to  55o 
units  of  diphtheria  and  2  of  tetanus  antitoxin  (bleeding  April  2,  'o7),  the 
serumglobulin  increase  had  fallen  to  2.81  grams.  Thus  for  a  decrease  in  the 
antitoxin  properties  of  about  one-twelfth,  the serumglobulin  increase  had  been 
reduced one-fourth.  A  fall in the potency of  the plasma  of  Horse  322  from 625 
units  of  diphtheria  antitoxin  and  5  of  tetanus  to  6oo  units  of  diphtheria  (May 
3,  'o7)  cut  down  the  increase  in  the  serumglobulin  from  3.56  to  3.oi  grams. 
Here,  then,  a  fall of  one-twenty-fourth  in potency caused  a  drop  in  the increase 
of  serumglobulin of  a  trifle less  than  one-sixth.  The  plasma  of  Horse  323  fell 
from  a  maximum  of  850  units  of  diphtheria and  5  of  tetanus  antitoxin  (April 
29,  'o7)  to  55o  units  of  diphtheria  (May  IO,  'o7);  the  drop  of  over  35  per 
cent.  in  the  potency was  accompanied  by  a  curtailment  of  22.5  per  cent.  in  the 
increase  of  the  serumglobulin  over  the  normal. 
We  have  already shown  that  during  immunization the  serum- 
globulin increase tends to precede the development of the antitoxic 
potency; that  the  two  reach  a  maximum, usually  coincident, and 
19 Refractory  horse. 
20 Maximum  serumglobulin  increase  preceded  maximum  antitoxic  potency. 422  Changes  in  l'~'oldns  in  Blood  Plasma  of  Horses. 
that  with  the  fall  in  potency,  01-  even  before,  the  increase  in  the 
serumglobulin  is  diminished  to  greater  degree  than  the  potency 
change.  This  last  decline continued  for one to three  "  full "  bleed- 
ings,  apparently  irrespective  as  to  whether  the  antitoxic  properties 
were  maintained  or  not.  Subsequently there  was  a  slight  increase 
in the  serumglobulin. 
For  example, at  the  first  " full" bleeding (April 3o,  'o7)  of  Horse  326, the 
8 liters  of plasma obtained tested 6oo units per cubic centimeter,  and the content 
in  serumglobulin,  7.61 grams  per  IOO  cubic centimeters.  On  the  next  " full" 
bleeding  (May  Io, 'o7),  the  sermnglobulin  content  of  the  plasma, of  the  same 
potency,  had  fallen  to  5.92 grams.  We  are  not  dealing  here  with  the  effects 
of  dilution, through  bleeding,  because the  serumalbumin  has  been increased 
from  I.I6 to  1.44 grams  per  IOO cubic centimeters  of plasma.  Eight  days  later 
(May  I8,  'o7)  the  potency  was  still 6oo units;  the  serumglobulin  content  had 
increased  from  5.92 grams  to  6.96 grams  per  ioo cubic centimeters  of  plasma, 
while  the  serumalbumin  had  fallen  from  1.44 grams  to  o.98 gram.  Practically 
the  same fall  is  shown  by the  analyses in  the  plasma  of  Horses  319, 320, 323 
and  325.  For  Horse  318,  similar  variations  occur,  but  because of  the  double 
immunity here  it is impossible to give a comparative  value to the potency varia- 
tions.  The  later  rise  is  well brought  out  in  the  figures for  Horses  318, 319, 
323  and  325  . 
The  serumglobulin content  was  maintained  high  and  fairly con- 
stant  during  active  antitoxin  production.  At  times  there  was  a 
tendency for the serumglobulin to  follow quantitatively the potency 
variations;  at  other  times,  the  increase  was  independent  of  the 
antitoxin  changes  (Horse  326,  May  I9,  'o  7  and  June  I3,  'o7). 
\Vith  Horse  325,  for  instance,  the  serumglobulin  did  not  increase 
for a  rise in potency from I5O to 250 units  (July 2,  'o  7 to Sept.  I7, 
'o7) in the course of the regular bleedings, but was diminished  from 
6.o  9  to  5.39  grams,  per  IOO cubic  centimeters  of  plasma.  Subse- 
quently when the lowering of the serumglobulin content was accom- 
panied  by a  corresponding drop  in  the  antitoxic  potency,  interrup- 
tion of the  regular  "  full "  bleedings  failed  to  check the diminution 
of  either  potency  or  serumglobulin. 
In the  course of  immunization,  then,  there  is  a  marked  increase 
(even over IOO per cent.)  in the serumglobulin content of the blood 
plasma.  This  increase  tends  to  precede  the  development  of  maxi- 
mum  antitoxic  potency  and  is  quantitatively  independent  of  the 
latter.  With  a  diminution  of  the  potency,  the  serumglobulin  in- 
crease  is  reduced,  with  a  tendency  for  this  change  to  precede  the Robert  Banks  Gibson  and  Edwin  J.  Ba)~zhaf.  423 
antitoxic variation; then  after a  slight  rise,  the  content of  serum- 
globulin is  maintained at a  fairly constant level in spite of repeated 
"  full" bleedings  at  frequent intervals.  The  serum  globulin  now 
may or may not be independent of incidental variations in the anti- 
toxic potency.  As a  rule,  it  does  parallel  to  some extent the pro- 
nounced changes in  the antitoxic properties  of the  plasma. 
Changes  in  the  "  ettglobulin"  must  be  considered  because  the 
increase during immunization of the sermnglobulin has been stated 
by Joachim  21  to take place in this fraction.  Some discussion of the 
chemistry of the  serumglobulin fractions is  desirable. 
The serumglobulin is commonly stated to consist of at least two 
different proteins,  termed  the  " euglobulin"  or  true  globulin  and 
a  more soluble protein, the " pseudoglobulin."  The " euglobulin " 
is  supposed  to be  insoluble  in pure  water,  and  accordingly precip- 
itable  oi1  dilution  or  dialysis;  it  is  thrown  down  also  by  slight 
acidification.  The  " pseudoglobulin  belongs  by  definition  to  the 
group  of  true  albumins,  i.  e.,  it  is  soluble  in  pure  water.  It  has 
received  the  title  " pseudoglobulin"  probably  because  the  earlier 
differentiation was made on the basis of precipitation on saturation 
of  its  solution  with  magnesium  sulphate.  The  separation  of  the 
two proteins then should be  relatively easy by the dialysis method. 
It  had  always  been  our  experience,  however,  that  the  ordinary 
globulin  precipitation  methods,  with  the  exception  of  the  salting 
out  reactions,  are  practically  without  effect  on  horse  serum. 
On  dilution, dialyzation,  22  or  slight  acidification of  the  natural  or 
previously neutralized  (phenolphthalin)  horse  serum,  only a  very 
small amount of precipitate is  obtained.  In practice,  investigators 
have commonly used the fractional precipitation by salting out with 
ammonium sulphate.  A  half volume of  the  saturated  ammonium 
sulphate solution is added to the serum; the precipitate is the " eu- 
globulin."  The  separation  is  not  sharp  at  all.  The  filtrate  con- 
tains  the  serumalbumin  and  " pseudoglobulin";  the  latter  can  be 
thrown down by the  further addition of saturated ammonium sul- 
phate  solution  to  " half "  saturation,  i.  e.,  until  the  mixture  con- 
= Joachim, loc. cit. 
=Long continued dialysis may lead to denaturalization and precipitation of 
otherwise soluble proteins; more than forty-eight hours is hardly necessary for 
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tains equal volumes of serum and the salt solution.  The "  euglobu- 
lin "  may be  further  purified  by  redissolving  the  precipitate  in  a 
measured quantity of water and again adding a  half volume of the 
saturated  ammonimn  sulphate  solution.  In  current  writings  the 
identity  of this  "  fractioned "  euglobulin has  been  confused  with 
the slight precipitate obtained on dialysis, dilution or slight acidifica- 
tion,  in  spite  of  the  early  work  of  Freund  and  Joachim. 2a 
The  differentiation  of  the  serumglobulin  into  "eu"  and 
" pseudo"  fractions  by  the  ammonium  sulphate  salting  out  was 
further  established  by  the  results  of  E.  P.  Pick. 2~  This  investi- 
gator fractioned various antitoxic, agglutinative and other sera and 
differentiated  the  antibodies  chemically  according  to  the  fraction 
with  which  these  were  precipitated.  Others 25  have  also  similarly 
fractioned individual  antisubstances  of various  kinds and  reported 
with which fraction their own particular body was associated.  One 
of us  (with  Dr.  K.  R.  Collins) 26  has  already shown  that no  such 
separation of the agglutinins in polyagglutinative sera can be made, 
and  has  failed to  verify Pick's  results  on  antitoxic  seraY  We  =s 
have, however,  found that the more  soluble of several  fractions of 
the "pseudoglobulin "  are  richest in antitoxin per gram of protein. 
By  employing the  ammonium  sulphate  fractioning,  Ledingham,  =9 
like Joachim,  found that the increase  in serumglobulin affected the 
"euglobulin "  more  than the  " pseudoglobulin "  fraction, i.  e.,  the 
great  increase  in the  serumglobulin took place in  the non-antitoxic 
portion.  Ledingham's interpretation of his results, as regards this 
point, seems inconclusive, for he does not grasp the significance and 
understand  the  limitations  in  the  salt  fractioning of proteins. 
-~ Freund and Joachim, Zeit. f. physiol.  Chem.,  19o2, xxxvi, 407. 
Pick, Beit.  z.  chem.  Physiol.  u.  Path.,  19Ol, i,  351. 
-~ Fuld and Spiro, Zeit.  f.  physiol.  Chem.,  19oo, xxxi, 133; Landsteiner,  Cent. 
/.  Bakt.,  Orig.,  Abt. I,  19oo, xxvii, 357; Jacobi, Beit.  z.  chem.  Physiol.  u.  Path., 
19Ol, i, 51; Cathcart, Your.  of Physiol.,  19o4, xxxi, 497; Glaessner, Belt.  z.  chem. 
Physiol.  u.  Path.,  19o4, iv,  79;  Simon, Lamar and  Bispham, Your.  of  Exper. 
Med.,  19o6, viii, 651; Opie and Barker, ibid.,  19o7, ix, 207. 
-"~ Gibson and Collins, Your.  of Biol.  Chem.,  19o7, iii, 233. 
:'Ledingham  (loc.  cit.)  also states  that  the  diphtheria  antitoxin  in  goat 
serum is not invariably linked to the  euglobulii~ fraction  as maintained by Pick. 
Banzhaf  and  Gibson, loc  cir. 
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\Ve  have  already  stated  in  an  earlier  paper  that  precipitation 
limits in the salting out of proteins  are characteristic  only in so far 
as  they  should  be  interpreted  as  well  from  the  standpoint  of  the 
solubility of the protein  in certain  amounts  of the salt solution of a 
definite  concentration.  Precipitation  occurs because  the  solvent is 
saturated  with  the  protein,  i.  e.,  it  can  hold  no  more  in  solution; 
with a greater volume for the solvent more precipitated protein will 
go into  solution.  Moreover,  other  kinds  of proteins  remaining  in 
solution probably affect the  precipitation  of the less  soluble  forms. 
Haslam's 30  criterion  of purification  calls  for  repeated precipitation 
at  the  same  volume  until  the  organic  nitrogen  in  the  filtrate  is 
constant. 
The  observations  associating  the  increase  in  the  serumglobulin 
with  the  questionabIe" euglobulin"  fraction  have  been  made  by 
direct precipitation  of the  serum  with  half  its volume of saturated 
ammonium  sulphate.  Where  reprecipitated  for  purification,  the 
protein has usually been redissolved to the original  volume and the 
same  amount  of  ammonium  sulphate  solution  added  as  before. 
Inasmuch  as  the  serumglobulin  content  may  have  been  doubled 
as  the  result  of  immunization,  would  not  a  great  part  of  this  in- 
crease be found naturally  in the  " euglobulin"  fraction  since  solu- 
bility of the protein must be considered ?  The  precipitate  obtained 
at  "one-third"  saturation  is  not  free  from  antitoxin, al  It  may 
contain  the greater  part of it  when the  undiluted  serum  is precipi- 
tated  by  the  addition  of  a  half  volume  of  saturated  ammonium 
sulphate  solution. 
Ten  cubic centimeters  of the normal  plasma  were precipitated  at 
one-third  saturation  (3.3)  by the  direct  addition  of  5  cubic centi- 
meters  of  the  saturated  ammonium  sulphate  solution;  again  IO 
cubic  centimeters  of  the  plasma  were  diluted  to  33I~  cubic centi- 
meters  and  precipitated  by the  addition  of  162~  cubic centimeters 
of  the  saturated  ammonium  sulphate  solution,  and  finally,  a  third 
Io  cubic  centimeters  of  the  plasma  were  diluted  to  662~  cubic 
centimeters  and  precipitated  with  331/~ cubic  centimeters  of  the 
saturated  salt  solution.  We had  then  ultimate  dilutions  to  15,  5o 
3o Haslam,  ]our.  of Physiol.,  19o5,  xxxii,  267. 
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and Ioo cubic centimeters.  The precipitates were allowed to stand 
for  some  hours,  with  occasional  shaking,  to  permit  mechanically 
precipitated material to return into solution.  The " euglobulin "  at 
the three dilutions was determined as outlined earlier in the paper. 
In such an experiment with Horse  319,  the normal total serum- 
globulin  (4.z4  grams  per  Ioo  cubic  centimeters  of  plasma)  was 
found to  include  2.43,  0.79  and  o.48  grams  of  " euglobulin,"  ac- 
cording as the dilution of the precipitated plasma was I : 1.5,  I : 5 or 
I : IO.  When similarly fractioned at the height of immunization the 
three  " euglobulins "  were  5.39,  1.78  and  o.98  grams  at  the  three 
respective  dilutions.  Of  the  increase  of  3.66  grams  in  the  total 
serumglobulin,  about  four-sevenths  (2.96  grams)  would  be  con- 
tained in the  "eu"  fraction at  the  ~:I.  5  dilution; o.99  grams,  or 
about  two-sevenths,  would  be  accounted  for  at  the  I: 5  dilution, 
and but one-seventh at the  I : Io dilution.  The precipitations were 
probably  influenced  by  the  lowered  serumalbumin  content  of  the 
antitoxie plasma.  It will be noted that the " euglobulins "  obtained 
at  the  three  ultimate  dilutions  have  about  the  ratio  5:2:I  for 
almost any of the plasma samples analyzed. 
A  similar behavior on the part of the " euglobulin" at the several 
dilutions was observed in the analyses for each horse.  Most of the 
" euglobulin "  determinations during the  routine  " full "  bleedings 
were  made  at  the  I:IO  dilution  only,  and  these  figures  probably 
most  fairly represent  the  content of  this  protein,  if  such  actually 
exists.  Throughout the whole series of experiments, the percentage 
of increase in the " euglobulin "  tended to parallel that of the total 
serumglobulin. 
Because of the unsatisfactory characterization of the  "eu"  and 
"pseudo"  globulin  by  the  ammonimn  sulphate  fractioning,  it 
seemed of interest to differentiate in some modified way the relative 
serumglobulin  quantitative  changes.  We  have  accordingly deter- 
mined that portion of the serumglobulin precipitated on  saturation 
with  sodium chloride.  Freund  and  Joachim  state  that  saturation 
with sodium chloride precipitates all the "euglobulin," but that this 
includes only a  part of the product obtained at  3.3  saturation am- 
monium sulphate.  We may consider that we have as sharp a differ- 
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individuality  of  each  cannot  yet be asserted.  The  sodium  chloride 
separation  probably  more  truly  represents  the  common  conception 
of  the  euglobulin "  and  "pseudoglobulin,"  though  the  ammonium 
sulphate  fraetioning heretofore has usually been employed. 
A  glance  at  the  table  of  analyses  for  any  bleeding  will  show 
that the  serumglobulin precipitated  on saturation  with  sodium chlo- 
ride  and  the  ammonium  sulphate  "  euglobulin"  are  quantitatively 
different.  Accepting  for  the  "  euglobulin"  the  figures  obtained 
with  the  ammonium  sulphate  at  I : Io  dilution,  we  found  that  the 
sodium  chloride  gave  a  precipitate  of  serumglobulin  in  the  normal 
plasma  that  was  from  two  to  three  times  greater  than  the  corre- 
sponding  fraetioned  protein. 
The  changes  during  the  immunization  in  the  saturated  sodium 
chloride precipitated  serumglobulin  are  significant.  With  the  rapid 
rise  in  the  serumglobulin  content  after  immunization  has  been 
started,  there  was  observed  a  very  considerable  increase  in  the 
portion of the serumglobulin precipitated  on saturation  with  sodium 
chloride.  This rise is shown in the record for Horses 322,  323,  325 
and  327,  but  was  not  observed  with  the  others. 32  Subsequently 
there  was  a  sharp  fall  in  the  sodium  chloride  precipitable  serum- 
globulin.  This decrease was maintained  far below the absolute and 
per cent.  normal, and tended to vary inversely with the total  serum- 
globulin  content;  the behavior in this  respect is exactly the  opposite 
of  the  "  euglobulin"  fractioned  with  ammonium  sulphate,  and 
parallels  closely  the  changes  in  the  serumalbumin. 
For  example,  the  serumglobulin  precipitated  on  saturation  with  sodium 
chloride,  in the normal plasma of Horse 325 was o.9I  gram per  IOO cubic  centi- 
meters  of  plasma,  or  24.7 per  cent.  of  the  total  serumglobulin  (3.68 grams). 
With  the  preliminary  rise  of  36.7 per  cent.  in  the  total  serumglobulin,  the 
sodium chloride " euglobulin" had increased  over 6o per cent.  above the normal 
(1.54 grams per  IOO cubic  centimeters of plasma)  and  to  3o.6 per  cent.  of the 
total  serumglobnlin.  The serumglobulin  precipitable  on  saturation  with  sodium 
chloride  then  sharply  fell;  with  the  coincident  maxima  of  antitoxic  potency 
and  total  serumglobulin  conten{, this  sodium  chloride  " euglobulin"  was  only 
o.49 gram  (per  ioo  cubic  centimeters  of plasma)  or  7.1  per  cent.  of  the  total 
globulin,.  At  the  same  time,  the  ammonium  sulphate  "euglobulin"  had  in- 
creased from a normal of 0.42 gram to  I.OO gram per  IOO cubic  centimeters  of 
plasma. 
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The variations in the content of serumalbulnin during  imnluniza- 
tioi1 1lave already been described in detail by Atkinson  and  by Led- 
ingham.  "We have also found the curious and characteristic diminu- 
tion  in  the  content  of  the  plasma  in  this  protein.  The  minimum 
content  is  reached,  as  a  rule,  somewhat  subsequent  to  the  time  of 
the serumglobulin and antitoxic maxima;  it occurred usually during 
the  period  of  the  routine  bleedings.  While  the  greatest  increase 
observed  in  the  total  serumglobulin  was  about  I I 4  per  cent.,  the 
serumalbumin may be reduced to less than 20 per cent. of the normal 
--a diminution  from 2.80 grams to 0.52 gram being observed in the 
case of Horse 319  .  The course of the plotted curve of the serum- 
albumin  then  was  roughly  the  reverse  of that  of the  total  serum- 
globulin; the serumalbumin, however, tended to return to the higher 
level when the horse had been in use for several months as an anti- 
toxin  producer  (319,  323,  325). 
The  behavior  of  the  sodium  chloride  "euglobulin"  and  the 
serumalbumin  suggests that these proteins are sacrificed in order to 
compensate  for  the  great  absolute  increase  in  the  more  soluble 
sermnglobulin  with  which  the  anti-properties  are associated.  Pos- 
sibly because of the increasing viscosity, there must be a  physiolog- 
ical limit to the amount of protein which can be carried in the blood 
plasma.  Some eighty odd  determinations  have  indicated  that  this 
limit  is attained  when the protein content is between ten and eleven 
grams  per hundred  cubic centimeters  of plasma. 
Moll  a3  has  suggested  thaf  this  serumalbmnin  is  chemically  transferred  over 
into  the  serumglobulin  during  immunization.  This  statement  is  based  on  his 
heat and alkali  transformation of  albumin into globulin  (?).  Are  we to  accept, 
however,  that  the  sodium  chloride  " euglobulin"  might  similarly  be  changed 
over  into  the  more  soluble  serumglobulin? 
The changes in  the fibrinogen  were often sudden  and  there  was 
no  apparent  association  with antitoxic  potency, serumglobulin  con- 
tent  or  with  bleeding.  Analyses  gave  figures  for  fibrinogen  of 
from o.21  gram  to  I.O gram  per  IOO cubic centimeters  of plasma, 
with  variations  in  the  individual  horse  of  about  0.5  gram. 
SUMMARY. 
Gravimetric  determinations  were recorded  for the  total  and  sev- 
eral  individual  proteins  (in  the sodium oxalate plasma)  fractioned 
~'~ Moll,  Be#.  ~.  chem.  Physiol.  u.  Path.,  19o4,  iv,  563. Robert  Banks  Gibson  and  Edwin J.  Ba~zhaf.  429 
with  ammonium  sulphate  and  sodium  chloride.  At  precipitation, 
the  plasma  salt  mixture  had  been  diluted  to  a  final  volume  of  ten 
times  the  amount  of  plasma  employed.  Coagulations  were  on 
aliquot portions  of filtrates,  and  the  individual  protein  constituents 
(except  serumalbumin)  were  calculated  by  difference. 
The eleven horses had been subjected to simultaneous  immuniza- 
tion  against  diphtheria  and  tetanus  toxins,  each horse being  subse- 
quently  continued  on  the  toxin  to  which  it  responded  best.  Test 
bleedings of about 50o cubic centimeters only were made until maxi- 
mum  antitoxic  potency  (with  almost  coincident  greatest  variation 
PROTEIN VARIATION DURING IMi~[UNIZATION.  a~ 
Horse  3z8. 
o  o 
~,  ~  ~  ..-~  ~-~  ~  o  ..~ ~,  ~  ~  "~ 
~'~  ~.~,  .~  ~'~  "~o  ~  .. 
Jan.  Normal  400  9.35  o.48  2.83  4.89  1.68  26/I 18  o  3-  ,  .  I  '65 
March  375  16°'  I  I  400  1.97  6.90  1.44  468  1.78 098 
April  475  250  to  730o  8,971 o.32i  1.95  6.70  0.90  4.84  1.8olo196 
600  I  375 i  7  °  77  °o  8.32 / o.421 1.84! ,,.06  0.45  l  Io.9o 
"  & ~,  19oo~  1101785 °  8,o41 0.561 1.47! 6.o~ 0.84  4.31 / 1-55  0.79 
May  .-  o  125 !7060  8.891 0.68] 097  7.24  o.55  4.89/ 1.80, 0.96 
~  16016070  8.15! o.531 o.89! 6.73  0.69  o.99 
June  ~  ~  1o0o  3005000  8. I8  i O.31 ! 1.O8 6.79  0.73  =  I  0.84 
july  ~.-= '=  i2oo  I  250 ]64oo  7.9  °  0.27  1.27 ~  6.36  0.70  4.82,1 79  o 96 
~  ;~  20o  63oo  7.54[ o.341 1.25i 5.95  0.57  009 
o4o, o  64, 
"  560  ]]  8.20  0.35  1.34  6.51  0.60]4.77  x.75 0.97 
Oct.  600  ~  8.191 o.27'I 1.5o : 6.42 0.581  I.O0 
650  8.30 ] o,3o[  1.66 i 6.34! o.621  0.96 
"  7oo  ~  6IOO 8.6o  i o,2I I 1.861 6.531 o.59 i  0.93 
Nov.  75  °  6300  8.77  o,241 1.88/ 6.651 0.751  /  1.oo 
75 °  6ooo  8.72[ 0.30 [ 1.821 6.6oi o.731 4.56 ] 1.68  0.87 
3, Analyses are given as grams of coagulable protein per IOO cubic centimeters 
of  plasma. 
35 Subsequent bleedings were  as  follows:  Nov.  27,  'o7, 450  units, 6,IOO cubic 
centimeters; Dec. 6, 'o7, 45o units, 5,85o cubic centimeters; Dec.  16, 'o7, 45o units, 
5,80o  cubic  centimeters;  Dec.  27,  'o7,  4o0  units,  6,20o  cubic  centimeters;  Jan. 
6.  'o8,  350  units, 6,20o  cubic centimeters,  and  Jan.  7,  'o8,  2o0  units,  8,ooo  cubic 
centimeters.  The horse  died while bleeding on Jan.  7,  'o8. 
v* Diphtheria toxin injections resumed Aug.  14, 'o7. 430  Cha~ges  i~  Proteins  in  Blood  Plasma  of  Horses. 
PROTEIN  VARIATION  DURING  ~NIMUNIZATION. ~7 
Horse  3~  9, 
o  -~  i ~-~ ...........  ~  ..~  ~ 
Jan.  24  I Normal[  ]  14ool  I  i ~.8oi 4  241  1.29  2.43  0.79  0.48 
Marcia  II  375  I  I6O  600  I  4 °0  9  32  o  43 ~ o  9'  7 9 °  0.98  I  /  "  "  .9  •  1.,o,  5.39/i.78/ 
April  2  ]  475  i 250  550  2  7IOO i 8.55  o.33i  I.~7  7.05  0.,'52  ]  ! I.oo 
"  lO  600  13751525  4  8oOo;85I'O43  1.25  6.83  o.5oi5.151  1.89  I.OO 
"  I8  65  o  ~i  N  550  ~785o 7.85 o.52i~o.87 6.461o.69  [  o.88 
"  27  700  ~  1575  15600) 8.661 o.71 0.89] 7.06 o.691 5.75 2ooi  I. Io 
May  7  700  ~ "~  55 °  18oo0  8.o2 o.6I  o.81 6.6o] 0.49 !  /  o.90 
','  14  750  I  ~  I 550  8700  8.20 0.821 0.52  6.861 0.57[  [  ; 0.98 
'  23  75 °  I  ~  155 °  !79  °018. 661 0.74] o. 5517.37i°-671  : 0.99 
June  I  850  I  .~  ] 55  °  i64oo[ 886  o76  o751 735  o56  ] 1.o2 
"  Io  850  i  ~  550  !6250  8.70  o58!o67  745  o981  I  ] 0.98 
"  17  900  ~_  525  595o  8.44 ! o 56  o 9o  6 98  o.88  I 0.89 
"  27  900  ~  525  '5700! 8.65  O. 65! 1.21  6.791Loo  I  I  ]0.98 
july  io  9oo  I  ~  5oo  59oo  8.82!o.4 ~  1.3o 7.111 i.o51  i.oo 
fforse 320  ~1  '  I  )  ~  1.3o  [ 
Jan.  31  Normal  '  400  2  60  4  52  2.03  0.72  0.40 
March  I,  260  i  1oo  20  400  8 5oi 0.47  '.57 / 5.46i  o.821  1.8o  0.60  0.34 
April  1  5 °0  35 °  35  2  !  400  ~o I4  o,34i  1.32  8  48  1.2o  2.12  0.74  o.41 
"  3 °  60o  110501  5 °  5 O  ;  4ooi  9.63  o. 74!  1.221  7.67[  o.45  2.6I  o.9o!  0.50 
June  8  -~=~-~  135o [  5  °  9  °  ~56oo  8.55 0.49  1.35 6.7Iio.4o 
"  I7  ~'~'~  1Iool  3  °  100171001 7.64 o.4I]1.5915.64io.3512.581o.9olo.49 
"  26  ~'?~iIIoo]  lO  9  °  162001 7.7o, o.48i 1.6I!5.6IIo.27i2.69]o.931o.5[ 
in  the  contents  of  the  several  proteins)  had  been  attained;  routine 
bleedings  of  four  to  ten  liters  for  antitoxin  production  were  then 
instituted. 
The  two  refractory,  one  medium  and  the  eight  horses  yielding 
a  highly  potent  antitoxic  plasma,  all  showed  an  increase  of  from 
4 °  to  Ii4  per  cent.  in  the  total  serumglobulin.  For  the  refractory 
animals,  this  increase  was  59.3  and  87. 9  per  cents.  In  one  refrac- 
tory and  in  one  high  horse,  the  serumglobulin  maximum  preceded 
the  highest  concentration  in  antitoxin.  In seven  of the  horses,  the 
greatest  increase  in the  to.tal  serumglobulin  was  coincident  with  the 
maximum  antitoxic  potency.  The  serumglobulin  increase,  how- 
ever,  tended  relatively  to precede that  of the  antitoxin.  In the two 
37 Analyses are given as grams of coagulable protein  per IOO cubic  centimeters 
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other horses, both maxima also were observed together; no "  inter- 
mediate "  bleedings were made in these two instances.  The great- 
est absolute increase in the serumglobulin was observed in the most 
potent  plasma  obtained  in  the  series;  the  second  place,  however, 
went to a refractory horse.  Subsequent to the maxima, the serum- 
globulin content was  maintained at high concentration, in  spite  of 
repeated  bleedings;  it  then  only  roughly  paralleled  the  antitoxic 
variations in  the  plasma  of  the  individual animals. 
At dilutions of the plasma in the precipitated mixtures of  I : 1.5, 
I: 5  and  i:IO,  the  ammonium  sulphate  "euglobulin"  fraction 
amounted to about 6o to 7o, 2o to 24 and IO to 15 per cents., respec- 
tively, of the total serumglobulin in both the normal and the anti- 
toxic plasma.  In an 85o  unit plasma,  an increase in the  "  euglob- 
ulin " over the normal percentage was observed, but the high content 
of protein in this plasma probably influenced the precipitation limits. 
The influence of the protein concentration is indicated by the differ- 
ent percentages  for the  " euglobulin "  obtained  for the three  dilu- 
tions  of  I:1.5,  I:5  and  I:IO.  The  "euglobulin" then  was  not 
increased  to  a  greater  extent  than  the  " pseudoglobulin"  as  the 
result of immunization, as  has  at times been  maintained. 
PROTEIN  VARIATION  DURING  IMMUNIZATION? s 
Horse  32I. 
•  .-o  ~  ~  .-'~  .~.,~  .~_-~  ._o~. 
~,-  ~  ,~,  ~.  .~  .~  ~o~ 
6  Feb.  Normal 
March  II  200 
April  I  400 
Horse 32Z 
Feb.  21  Normal 
March  25  I IO 
April  3  °  45 ° 
May  3 
May  7 
75[  60 
300]  I50  2 
J 
5  ° 
6L  °  625  5 
600 i 
400 
400  --[p  --  2.3I  4.53  1.66  2.69 
400  9.51o.49  2.16  7.86  1.2oi5.I 7 
40o1o.20  o.46  1.14  8.6o  1.o3'5.73 
!  '  o.92  27o  400[  7~7o  --  2.1oi 3.93 
4ooJ  0.48  1.53j5.69  1.3413.8o 
4o0]  81771o.51  0.77  7.49  o.46!5.2o 
4000  8.67  0.82  o.91/6.94  o.49j3.96 
5o001  8.o  4  1.0o/  "55 I  "49  0"49!3"24 
oa=  •  ~  o 
1,o  3  0.59 
i.88  1.oo 
2.o6  1.2o 
0.88  0.50 
1.31 o.71 
2.27  1.34 
1.4o  0.83 
I.I7  0.64 
3, Analyses are given as grams  of coagulable  protein per  IOO cubic  centimeters 
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r:. 
Feb.  26 
March 25 
April  29 
May  lO 
June  17 
July  2 
,,  28  g 
"  29  "~ 
Aug.  9 
,,  17 
~  27 
Sept.  3 
~  12 
~'  19 
~'  28 
Oct.  9 
,,  19 
~  3 ° 
Nov.  8 
,,  i9401 
Normal 
IIO 
400 
375 
475 
500 
550 
600 
650 
700 
750 
800 
800 
800 
800 
800 
850 
85  ° 
850 
PRO'/'EIN  VARIATION  DURING  IMMUNIZATION.  39 
Horse  3e3. 
]  400  2 33  4 60  1.16  2.21  o 68  0.37 
70  5  ° i  ~  4oo!  8.79  0.74 ! 1.981 6.071 2.o6 t 4.061 1.45'  0.82 
525  85oi  5  ]  4oolio.49  o.7I] 0.78] 9  .00  0.66 4.5  °  1.53'  0.85 
55  °  [60001 9.47  o.8oJo,6618.oI!o.7o  3.29  1.220.67 
500  7700  8 29  o.39!  I 45  6.45i 0.46 2.85!  1 oo  0.57 
500  ] 8000! 8 36  o 29  1 33! 6 74' 0.64  i  ! 
45 °  ]62001 8.16  050  1.2 5]  641]o.6I  399  1.39  0.75 
'  I  45  °  62o°1  7 92'o.32  1.1416.46  0.79  3 8o  ~ 3  o  o. 7~ 
450  6200  8.08  048!124  636  O4II  !  "  073 
'  "  i  I 
425  6IOO  I 8.00[ 0.40  1.3  ol 6.3 o, o.51  0.69 
425  !6200'  8.2OIO.47  132  64~1058]  !O68  ;5 
425  6300! 8"5i °.441 1.25[ 6"461 °.46 i  [  i 0"70 
'~  425  6000  8.30  0.50!  1.30  6.50i 0.50  j  0.67 
475  625o I 8.35 ! o.55i L33! 6.471 o.47  I o.68 
5oo  52oo  8 45  o 46  1.4o  6.59 0.521  o.70 
550  6400! 8,30  0.501 L551 6.251  O. 5ol  0.65 
575  6IOO) 8,5o t0.45'  1.75 6.2o o. 551  ] 0.55 
55  °  6200  8.65  0.50  2.ooi  6.15  0.53  i  0.57 
625  62oO, 8,7I] O,53 2.18  6.OO! O.48! 2.87  0.991 0.55 
600  6IOO  1 9. IO)o.53! 2.oo I 6.57! o. 641 2.92  LOll  0.55 
625  63oo j 8.561 o. 5~  1.73i 6.32;  o.57 j 3. I5]  I. I21  o. 6~ 
The  "  euglobulin"  precipitated  by  saturating  the  plasma  with 
sodium  chloride  (at  ultimate  dilution  of  the  plasma  I:IO)  was 
much  greater  in normal  plasma  than  the  ammonium  sulphate  "  eu- 
8~Analyses are given as grams  of coagulable protein per  Ioo cubic centimeters 
of plasma. 
,o Subsequent bleedings were  as  follows:  Nov.  27,  'o7,  6o0  units,  5,9o0  cubic 
centimeters; Dec. 6, 'o7, 6o0 units, 5,8o0 cubic centimeters; Dec.  I6, 'o7,  6oo units, 
5,9oo  cubic  centimeters;  Dec.  27,  o7,  5o0  units,  5,9oo  cubic centimeters;  Jan.  6, 
'o8,  40o  units, 7,7oo  cubic centimeters;  Jan.  I4,  'o8,  350  units, 7,5oo  cubic centi- 
meters;  Jan.  22,  'o8,  4o0  units,  8,0oo  cubic centimeters;  Jan.  31,  'o8,  400  units, 
7,8o0  cubic centimeters;  Feb.  7,  '08,  425  units, 8,ooo  cubic  centimeters;  Feb.  15, 
'o8,  425  units, 8,oo0  cubic centimeters;  Feb.  24,  'o8, 475  units, 8,ooo  cubic centi- 
meters;  Mar.  4,  '08,  3oo  units,  8,0o0  cubic  centimeters;  Mar  12,  'o8,  30o  units, 
8,oo0  cubic  centimeters.  There  were  no  other  bleedings.  Over  2o0  liters  of 
undiluted  plasma  were  thus  obtained  from  this  one  horse,  representing  the 
actual withdrawal of at least 275 liters of whole blood.  The horse  died suddenly 
on July 30,  'o8;  toxin  had  not  been  given  after  Mar.  12,  'o8. Robert  Banks  Gibson  and  Edwin  d.  Ba~zhaf.  433 
globulin"  at  the  same  dilution.  There  was  a  tendency  in  early 
immunization  for  this  sodium  chloride  "  euglobulin"  to  increase 
along with the total serumglobulin;  it  rapidly diminished,  however, 
until  at  the  height  of  immunization  and  maximum  serumglobulin 
concentration,  it may have  reached  less  than  half  the  normal  abso- 
lute  amount. 
The  serumalbumin  was  diminished  a  third  to  a  half  the  normal 
along  with  the  serumglobulin  increase.  Subsequent  to  the  anti- 
PROTEIN  VARIATION  DURING I3,IMUNIZATION.  41 
Horse  324f" 
March  25  too  ol  ~  I  4o0  7 88:  o 4  I 88  o  8  2'  I  ( O  .  7  ~  ;  "  ~  •  5!  •  5-551  -9  3.7  -37!  -74 
April  3 °  400  525  25  I  400 ~o43;  0.76  0.83  8.84 ~ 0.63  330  1.18  0.65 
May  31  725  =  I25 ]  4oo  9 49'i  o 61  0 64  8.24  0.56i  [  j 0 84 
June  19  9oo  'c~N  I25i  8ooo  9.o6  o42  o.93  771  o.531 4.79  I75i  098 
Feb.  26  NormaI]~  i  400  I 26I  368  o91  1.79  0.76  0.42 
March  25  IiO  I  7oi  4[  I  400  778!  050  225  503  154  378  139  076 
April  3 °  400  525  3 ool  4  ]  4o0  8 65j  o59]  1 16  6 90  o49  5 15j  I  84i  I  OO 
May  29  1000!  2ool  r  25  i  400  7274  o:54  I[4Xi  5:79  °:5ol  4:72j  I274£ 098 
July  2  55 °  I  ~  (  i5o ~  ,68oo  8.iii  o39  i63  6.o%  o.9o  i.oo 
,,  lO  60o  I  ~  I  I5°]  /53oo  8.45]  o35  231!  5791  0821  [  Io99 
Sept  3  Io5o  "~  zoo  73 °o:  795  o4 °'  21o  545  o9o  o'97 
"  "  o  /  ;  "  "  "  i  •  "  17  12oo  ~  25ol  6Ioo  8.IO~ o41  230  5.39  0.84  i  I 095 
"  28  I2OO  ~  [ 2ooi  535 °  7 9o!  o 36  2 29  ~ 25  o 8o[  i  ] 0"93 
Oct  9  I2oo  I  "~  I 2ooi  154oo  8oo I o38i  235  5"271 0"70'  o'8o 
"  19  13oo  ~  175 ~  !56o0  7"801 0:4  °  2:41 ! 4:99'  0"65  '085 
"  3 °  13oo  I  ~  I  15oi  [I1OO'  786i  036  2.44  5.06  058  420'  154  o81 
Nov.  8  ~  I25'  4oo:  7.611 o.3ol  2.551 4.76  o.641  f  (o[67 
;orsesI29  ;  75J  ]  4oo  6.95  0.55  2.29!  4.II!  o.37  2.371 O.81  o.52 
March  6  Normal!  !  I  400  7.I 5  0.33  2.821 400  1.o  9  2.06[  0.77  0.42 
April  I  Ioo  i  5°i  5  [  4 °0  8.47i  o.46  2.38  5.63  o.96  3.52  I 26  o 70 
"  3 °  35 °  4oo  6ooi  I  18ooo[  9.41  o.641  I  I6  761  o42  468  1.66  o9 ° 
Msy  10  4 °o  I~  /6oo I  [8oo0 i 8o8!  o  72]  I  44!  5.92  o.631 3.87'  1.34:0.72 
"  I8  45 °  "~!  6o0  78oo  873!  o79  o98  696  o6Ii  378  I29i  o7o 
"  29  5 °0  ]~i  6ooi  [8o001  873  o74  o.971  7.02  o[74I  3.93i  138[  0"72 
June  13  500  I~ ~]  55 °  ]  ]56oo~Io.52!  0.68  o.611 9.23 i  I.OII  6.46!  2238i I[3O 
a  AnaIyses  are given  as grams  of coagulable  protein  per  IOO cubic  centimeters 
of  plasma. 
*~Immunization  started  Feb.  26,  'o7. 434  Cha~ges  i~  tb'otcins  in  Blood  Plasma  of  Horses. 
PROTEIN  VARrAT[ON  DURING  ~MMUNIZAT[ON.  4a 
Horse  327. 
March  I~  ~ Normal ]  4oo 6.2~  ! o.6~  ~  2.79 i 2.8~  [ 0.52/o.9I  o.36 ! o.2o 
April  I  '  7o  2o  5  4o0 6.62  o321258  3721°72  3.o~  I  II:O54 
April  29  'l  3o0  i  ~ 4o0  4oo  I'73oo  8o3  o.66  1.69  5.68  o.8o  413  1.41  o75 
~Zo,.s< s~s  i  i  ,  I  I  i 
1  i  i  I  March  II  'Normal  4o0  6.53[o5o'252~3  511°91  [ I  61  o59io3  ! 
April  ~  i  7o  2o  4  !  4oo  7.60 ' o 26 [ 2.I2  5 22  O 92  : 
April  27  i  3°°  4oo  55o[  I  4ooo  9.391o.751,.I317.  5,1o.77  4.731,.691o.94 
toxic  and  serumglobulin  maxima,  figures  as  low  as  a  fifth  of  the 
original  serumalbumin  content  have  been  noted. 
It is  suggested that  this  diminution  of  the  sodium chloride  " eu- 
globulin" and the serumalbumin is a physiological compensation  for 
the  greater  viscosity of  the  plasma  because of  the  increase  in  the 
more  soluble  serumglobulins. 
No characteristic  alteration  in  the  fibrinogen  of the  plasma  was 
observed  during  immunization.  Individual  variations  up  to  o. 5 
gram per  IOO cubic centimeters  of plasma have been recorded. 
The  influence of repeated bleedings does not essentially influence 
the  protein  changes  induced  by immunization.  These  remarkable 
regenerative  processes are  worthy of note. 
The results of our investigation indicate that in  "  forced "  immu- 
nization, the same characteristic quantitative changes can occur in the 
blood proteins of both refractory horses and those yielding a  highly 
potent  antitoxic  plasma.  We  cannot  conclude,  however,  that  the 
serumglobulin  increase  does not represent  an accumulation  of anti- 
toxin,  at  least  in  part;  it  is  possible  that  other  antibodies  may be 
formed either prior  to or along with the specific antitoxin  and  that 
these  may constitute  a  portion  of the  increase  in  the  more  soluble 
serumglobulin with which protein such substances are associated. 
42 Analyses  are  given  as grams  of coagulable  protein  per  IOO  cubic  centimeters 
of  plasma. 